The control of angiogenic process is of immense importance to the overall health of mankind to avert out-of-control complications such as tumours and cancers. Tapinanthus bangwensis (TBG) is a semi-parasitic plant with multipurpose uses in Nigerian ethno-medicine among which is its anti-infective properties as well as the anti-tumor and restoration of damaged tissues. Despite the wide and varied uses of TBG, the anti-angiogenic investigation of the plant on different host trees is lacking while the documentation and scientific validation of indigenous knowledge on plants' use is urgent. The present work focuses on the anti-angiogenic activities of the crude extracts and partitioned fractions of the leaves of Tapinanthus bangwensis (TBG) using the Chick chorio allantoic membrane (CAM) model. The plant was collected from three different host trees namely Albizia lebbeck (AL), Stereospermum kunthianum (SK) and Tabebuia rosea (TR). The methanolic crude extracts and solvent-partitioned fractions of TBG-SK samples were assessed for their anti-angiogenic activities using the chick chorio allantoic membrane (CAM) in ovo and in vitro assay methods respectively. Purification and isolation of major compound(s) in the chloroform fraction of TBG extract obtained from Stereospermum kunthianum host tree (TBG-SK) was carried out using chromatographic and spectroscopic methods (NMR, MS).
Introduction
Angiogenesis is the proliferation new blood vessels from an existing one. It is a well controlled process that rarely occurs under normal conditions, except for instances of wound healing, embryonic development and formation of the corpus luteum [1] . The success of angiogenesis depends on the sensitive equilibrium between growth stimulating and inhibiting factors [2] . In many serious disease states the body loses control over angiogenesis. Angiogenesis-dependent diseases result when new blood vessels either grow excessively or insufficiently. For instance excessive angiogenesis occurs in diseases such as cancer, diabetic blindness, age-related macular degeneration, and rheumatoid arthritis while insufficient angiogenesis can be seen in diseases such as coronary artery disease, stroke, and chronic wounds [3] .
Angiogenesis has become a promising target for experimental therapies in cancer and many other life-threatening diseases. Wide varieties of therapies directed at interfering with this process are in development. A number of clinical drugs such as Bevacizumab (Avastin ® ) have been developed to combat excessive angiogenesis in cancers [4] . However, major hurdles for clinical implementation include limited efficacy, rapid development of resistance to the antiangiogenic modalities and in some cases severe toxicity, arising from growth factors [5] . Hence the need for identification of new drugs particularly plant-derived agents that are non-toxic and effectively act at various steps of angiogenic cascade. Nature-derived drug discovery effort targeting angiogenesis could be of great clinical significance. This is well supported by the reported gradual drift from the use of synthetic drugs to plant-based supplements and remedies [6] . Interestingly, reports from the World Health Organisation say at least 80% of populations in 4 developing world depend on plants for their primary healthcare needs [7] . Many plants from the Nigerian ethnomedicine have been sources of diverse therapeutic agents [8] . However, only a few of them have been scientifically evaluated for their angiogenesis modulatory activity.
Tapinanthus bangwensis (TBG) commonly known as the African mistletoe is a semi-parasitic, semi-ligneous plant, 1-2 cm long, arranged in tufts, with drooping branches. It consists basically of globular haustoria which fit into a socket of hypertrophied host tissues to form an irregular fused ball and socket structure. It grows on different host trees [9] . The African mistletoe is an important plant in Nigerian ethnomedicine. Extracts from the leaves are used by traditional medical practitioners to treat various ailments. The mistletoe plant has been described as "an all purpose herb" because of its rich folkloric uses in the management of several disease conditions [10] . However, there is no documented scientific data on the angiomodulatory effect of the plant.
This study was therefore designed to assess the effect of extracts of TBG growing on three host plants, on angiogenesis. Previous phytochemical and bioactivity studies on the plant have revealed the presence of a variety of secondary metabolites [11] . According to a recent review new triterpenoids have been isolated from the seeds [12] and a variety of bioactivities such as anticancer, anti-inflammatory, anti-oxidant, antimicrobial and anti-diabetic activities have been reported [13, 14] . In this study, we have screened the ability of TBG to inhibit or promote angiogenesis using the chick chorio alantoic membrane in ovo and in vitro assays. 5 
Materials and methods

General
The study was carried out in line with the NIH standard of care and good research practice. This experiment did not involve rodents or other experimental animals which requires ethical approval from the University of Ibadan animal welfare and ethics committee. However, avian fertilized eggs were used and at the time of the study, no ethical approval or waiver was required except the University general research policy which we carefully adopted by ensuring that all experiments involving life at any stage were handled humanely in line with the internationally accepted standards for conducting laboratory experiments.
The number of blood vessels was counted using a stereomicroscope (Model SM-5 stereoscopic microscope FD, MS-T100GCV; Ionization Mode: FD + (Field desorption).
Column chromatography (CC) was performed on silica gel (230-400 mesh) using a column of length 60 cm and internal diameter of 3.5 cm. All solvents used for CC were of analytical grade.
Pre-coated silica gel GF 254 plates were used for thin-layer chromatography and preparative thinlayer chromatography (TLC) analyses. 6 
Plant collection, extraction and preliminary chemical screening
The leaves of TBG were collected from three different host trees namely:
Albizia lebbeck, Stereospermum kunthianum and Tabebuia rosea in April, 2013 from the Botanical Garden, University of Ibadan. The plant was authenticated at the Forest Herbarium Ibadan, where voucher specimen, FHI 109822 was deposited. Preliminary phytochemical screening of powdered leaves was carried out using standard protocols reported by Trease and Evans [15] to detect the presence of alkaloids, tannins, flavonoids, cardiac glycosides, saponins, terpenoids, anthraquinones and steroids. The air-dried leaf powder of TBG collected from the three host trees code named TBG-AL, TBG-SK and TBG-SR were subjected to solvent extraction using methanol under the room temperature (around 25 ℃). Extract obtained was kept referigerated at 4 degrees for a selective preliminary biological screening. The air-dried powder of the leaves of TBG growing on Stereospermum kunthianum (TBG-SK) (2 kg), being the most biologically active, was extracted with absolute methanol at room temperature. Filterate obtained was concentrated in-vacuo and the yield of crude extract determined. Dried crude extract (30 g) was further subjected to exhaustive liquid-liquid partitioning using chloroform, ethyl acetate and aqueous methanol. The chloroform fraction (9 g) was submitted to column chromatography (CC) over silica gel (230-400 μm) applying a 10% gradient of increasing polarity with hexane, ethyl acetate and methanol. Around 50 mL each of 122 fractionated eluates were collected and pooled together by similarity of TLC spots leading to a total of 21 fractions (Cb-1 to Cb-21). The fraction Cb-2 (3 mg) was subjected to preparative thin layer chromatography (Prep-TLC) using pre-coated silica gel GF 254 plates with CHCl 3 : EtOAc (9:1). 7 
CAM in ovo assay
Day old fertilized Isa brown chicken (Gallus domesticus) eggs " Fig 1A" were procured from the Ona ara local government hatchery. They were washed with tap water to remove any dirt. The eggs were then incubated at 37 °C and 70 % relative humidity " Fig 1B" . The eggs were rotated manually twice a day during incubation to prevent embryo from adhering to the shell membrane.
After 72 h, the eggs were examined by candling (illuminating the egg shell with a 60 W bulb) [6] " Fig 1C" . This confirms the viability of the embryo. The eggs were then wiped with 70% ethanol, and kept in an upright position with the blunt end upwards to allow embryo alignment with the air sac [16] . A small aperture (4 mm diameter) was made at the narrow end of the egg using pointed scissors and 2 mL of albumen was removed " Fig 1D" . The hole was sealed with sterile cotton ball and sealing tape. A window of 2 cm × 2 cm was then cut on the blunt end and the pieces of egg shell were carefully removed using sterile forceps. The inner shell membrane was then cut to expose the embryo and the CAM vasculature for the application of test 
Thin layer chromatography
Thin layer chromatography screening was done on the chloroform fraction of TBG-SK. Samples were applied to silica gel 60 F 254 chromatographic plates at the same delivery speed, with a distance of 10 mm between them, and the 10 mm distance from all edges of the plate. Different 
Counting of blood vessels
A black square of size 150 x 150 pixels was placed on areas where the effect of test samples was observed. The number of primary, secondary, tertiary, and quaternary blood vessels was counted using the stereomicroscope "Fig 2". 
Statistical analysis
Data were presented as mean ± standard error of mean (SEM). Results were calculated by using the statistical software (SPSS, version 13.0, SPSS Inc., Chicago, USA).
Results and discussion
The chick chorio allantoic membrane (CAM) is an extra embryonic tissue consisting of two fused epidermal layers (chorion ectoderm and allantoic endoderm) that enclose a mesodermal double layer in which a dense vascular network is formed [17] . In this assay, withdrawing 2 mL of albumen allows for easy opening of the egg shell without causing any physical stress to the embryo. There was no contamination during the experiment. TBG-AL had the least anti-angiogenic activity showing 100%. 93.3% and 80% survival of live embryos at the respective concentrations. TBG-TR extract showed a moderate increase in activity with a corresponding increase in dose administered, gradually decreasing the survival percentage from 100% to 66.7% " Fig 3" . 
TBG-AL: Tapinanthus bangwensis growing on host Albizia lebbeck
TBG-SK: Tapinanthus bangwensis growing on host Stereospermum kunthianum
TBG-TR: Tapinanthus bangwensis growing on host Tabebuia rosea;
ITR: Itraconazole
UT: Untreated CAM's
TBG-SK had the highest anti-angiogenic activity, also gradually increasing with an increase in dose. It was thus selected for further studies. The percentage of survival for Untreated CAM's was constant throughout the experiment, confirming that there was no contamination. The positive control used was itraconazole dissolved in dimethyl sulphoxide (DMSO). Itraconazole is an anti-fungal drug that has been shown to have potent anti-angiogenic activity and is currently used as an adjunct in the management of lung, skin and prostate cancer [18] . The choice of this drug as a standard in this experiment is therefore based on its efficacy, ease of availability and cost. Itraconazole showed the same inhibition rate at 0.5 and 1.0 mg. One will expect an increase in mortality with an increase in concentration. But this lack of increase in activity may be due to the variation in the sizes of blood vessels present in the embryo. The CAM in vitro model is better than the pilot in ovo model in that; It allows room for quantitation. The number of blood vessels before and after inoculating the test samples into the live embryo can be counted with the aid of a stereomicroscope " Fig 2" .
It allows one to observe the live embryo with a beating heart and blood vessels clearly with the naked eye before the experiment and after the experiment, the avascular zone " Fig 1F" .
It allows for snapshots of the blood vessels. It has a shorter period of incubation after inoculation (24 h), thereby allowing one to observe the actual reduction in blood vessels instead of mortality.
However, one major drawback of this model is the higher risk of infection due to the fact that the entire embryo is exposed in a Petri-dish, unlike the in ovo model where the embryo remains intact within the egg shell throughout, until the end of the experiment when it is cracked open. The preliminary phytochemical screening " Table 1 " revealed the extent of host tree influence on the chemical constituents found in the respective mistletoe. These variations indicate that the same species occurring on different hosts in the same locality have differences in their metabolites. The leaves of TBG-SK tested negative to the presence of alkaloids while that of TBG-AL and TBG-TR showed that they contain alkaloids. Also, TBG-TR tested negative to saponins while TBG-SK and TBG-AL tested positive. The differences noted in the chemical constituents of this plant growing on different hosts might justify why the host is as important as the parasite and why the ethnomedicinal use of this parasitic plant in the treatment of an ailment is usually dependent on a particular or specific host. , a more downfield region of the spectra due to the presence on an electronegative atom was ascribed to an hydroxyl group most likely at position 3 of the triterpenoid nucleus. A one proton multiplet occuring at δ ppm 5.20 (1H, m, olefinic -H) in the downfield region which showed a deshielded proton is ascribable to an olefinic proton.
These spectra data therefore suggests a triterpenoid compound. This is supporting compound A to be rich in triterpenoids. To further support the presence of a triterpenoid, a thin layer chromatographic analysis of fraction A (Chlorofrm fraction) which produced compound A was carried out. The presence of triterpenoid compounds were indicated when sprayed with anisaldehyde in sulphuric acid reagent which produced a characteristic violet and purple coloured spots following activation of the plate " Fig 5" . Terpenoids-rich plants have been found useful in ethnomedicine, food, pharmaceutical and chemical industries [20] .
Terpenoids are widely distributed in gymnosperms as well as in angiosperms and thus constitute a huge class of compounds germane to host plants for growth and developmental metabolism as well as for defense and to encourage pollination [21] . However, isoprenoid compounds of chemotaxonomic relevance biosynthesised by a limited group of flowering plants possess pharmacological properties important for drug development [22] . For instance, the tetracyclic triterpenoids have been reported in plant families including Rhamnaceae, Cucurbitaceae, Ganodermaceae and Apocynaceae while the pentacyclic triterpenoids are chemotaxonomically important in Rannunculaceae, Burseraceae, Capparidaceae, Celastraceae, Lamiaceae and Loranthaceae families of flowering plants [23] . As defense compounds terpenoids accumulate more in organs of the shoot system (such as the leaves and seeds ) that are prone to pest attack or exposed to harsh environmental factors.
In desoxyribose, myo-inisitol, sorbitol, were isolated from the seeds of Tapinanthus bangwensis [12] . Generally, terpenoids have been reported to show a wide range of biopharmacological activities such as insecticidal, molluscicidal, fungicidal, spermicidal, anti-bacterial, analgesic, anti-viral, anti-inflammatory, anti-diabetic and cardiovascular [24] , [25] . This may provide the basis for the varied ethnomedicinal uses of TBG in Nigerian South-western Traditional medicine where it is called "all-purpose plant" in folklore. In particular, sesquiterpenoids and triterpenoids 16 are of scientific interest as potential sources of nature-derived angiogenic modulators [26] . The characterization of triterpenoids from the seeds of TGB [12] and our current isolation and detection of an anti-angiogenic triterpenoids in this plant is therefore consistent with previous literature reports. In summary, this study has provided scientific basis for the use of TBG-SK to modulate angiogenesis in Nigerian South-Western ethnomedicine.
